Objectives: To assess the outcome and safety of the totally tubeless percutaneous nephrolitotomy in renal anomalies. Patients and Methods: During a prospective clinical trial from December 2002 to November 2006, 60 patients with renal anomalies and nephrolithiasis were included in our study. The anomalies consisted of the horseshoe kidney, rotational anomalies of pyelocalyceal system, and ectopic kidney. The patients were randomly divided in two groups: the "totally tubeless" procedures performed in 30 patients (the nephrostomy tube and internal stent were not used in any patient), and 30 patients underwent standard percutaneous nephrolithotomy (PCNL; using both nephrostomy tube and ureteral stent). The incidence of complications, hospital stay, transfusion requirements, and stone-free rates were compared in the two groups. Results: In the group of patients that underwent totally tubeless PCNL for the stone extraction, the mean stone burden was 2.54 cm 2 (standard deviation [SD] ϭ 0.96). Patients' stay in the hospital averaged 1.3 (SD ϭ 0.43) days. The average analgesics requirement was 4.5 (SD ϭ 1.6) mg of morphine. The patients returned to normal activity in 10 (SD ϭ 3.2) days. The postoperative complications were blood transfusion in one patient (3.3%) and fever in one patient (3.3%). An 83.3% stone-free rate was achieved. For the standard PCNL group, the mean stone size was 2.83 (SD ϭ 0.76) cm 2 , and the mean length of hospitalization was 2.6 (SD ϭ 0.65) days. The average analgesics requirement was 10.4 (SD ϭ 3.2) mg of morphine, and the time to return normal activity was 15.5 (SD ϭ 3.2) days. Only 2 (6.7%) patients required a transfusion, and 1 (3.3%) patient had postoperative complications (penumothorax). Of the 30 patients, 86.7% became stone free. The differences between operation time, transfusion rates, complications, retreatment, and overall stone-free rate were not statistically significant in the two groups but days of hospitalization (P Ͻ 0.001), analgesics requirement (P Ͻ 0.001), and time of return to normal activity (P Ͻ 0.001) were statistically significant. Conclusions: Totally tubeless percutaneous renal surgery is a safe and effective procedure in renal anomalies and can be performed in patients even with a moderate to large stone burden.
Introduction

T
HE PLACEMENT OF A PERCUTANEOUS NEPHROSTOMY TUBE after completion of standard percutaneous renal surgery has been considered standard practice. Many endourologists recently challenged this practice through introduction of the "tubeless" modification to percutaneous renal surgery; the latest modification is totally tubeless percutaneous nephrolithotomy (PCNL), where internal ureteral double-J stent and external drainage tubes are not used. 1 This modification has been shown to offer numerous advantages over the placement of a nephrostomy tube and internal stent, including a reduction in hospitalization and analgesia requirements and an earlier return to normal activities. 2, 3 However, up to now the role of totally tubeless PCNL in patients with renal anomalies such as horseshoe kidney, ectopic kidney, and rotational anomaly of calyces has not been evaluated. In this survey, we randomly divided 60 patients into two groups. The first group underwent "totally tubeless" percutaneous procedures and 30 patients with standard PCNL.
Patients and Methods
From December 2002 to November 2006, 65 patients with renal anomalies underwent percutaneous renal surgery at our center. The anomalies consisted of horseshoe kidney, rotational anomalies of pyelocalyceal system, and ectopic kidney. The exclusion criteria were need for three or more percutaneous accesses (two patients), significant perforation of the collecting system (one patient), necessity for staged second-look nephroscopy (two patients), operation lasting longer than 2 hours, and significant bleeding; so 60 patients were included in study. After obtaining informed consent, patients divided randomly into two groups. Computed tomography (CT) scan was performed in the two groups before operation. A totally tubeless percutaneous renal surgery was performed on 30 patients and standard PCNL in other group (n ϭ 30). No nephrostomy tubes, including Council catheter or internal stent, were used in the totally tubeless group. One or two access tracts were performed on each renal unit. All tracts were dilated to 30-French using a balloon or Amplatz dilator to allow for the passage of the 34-French working sheath. After completion of the stone extraction using ultrasound lithotripsy or lithoclast, Foley catheters were left in place for 24 hours postoperatively. Patients who were hemodynamically stable and whose pain was controllable with oral narcotic medications were considered for hospital discharge on day 1. These patients were instructed to return to the urology clinic on day 5. The postprocedural determination of stone-free status was obtained with noncontrast CT. The two groups were compared with regard to stone burden, stone-free rate, operative time, duration of hospitalization, postoperative analgesics requirement, complications, transfusion rate, and time to return to normal activities. Student t test and Pearson chi-square tests were used for data analysis in SPSS V15.
Results
The standard PCNL group was comprised of 30 patients: 11 (36.7%) women and 19 (63.3%) men, mean age 38.5 (standard deviation [SD] ϭ 13.6) years (range: 15 to 62 years). The mean stone size was 2.83 (SD ϭ 0.76) cm 2 (range: 1.7 to 4). The mean operative time was 64 (SD ϭ 14.7) min (range: 45 to 115). No intraoperative transfusions were given, and two patients (6.7%) required postoperative transfusions. Only one patient sustained a postoperative complication (3.3%), pneumothorax that was managed with chest tube insertion. Five (16.7%) patients had residual stones, 1 (3.3%) patient was successfully treated with shock wave lithotripsy, and two patients needed treatment other than shock wave lithotripsy, so the overall stone-free rate of 86.7% was achieved. The need for analgesics was 10.4 (SD ϭ 3.2) mg of morphine (range: 5 to 18). The duration of hospitalization was 2.6 (SD ϭ 0.65) days (range: 2 to 4). The average time to return to normal activity was 15.5 (SD ϭ 3.2) days (range: 10 to 25).
The totally tubeless PCNL group was comprised of 30 patients: 10 (33.3%) women and 20 men (66.7%), mean age 39.1 (SD ϭ 12.4) years (range: 15 to 64 yr). The mean stone size was 2.54 (SD ϭ 0.96) cm 2 (range: 1.5 to 4). The mean operative time was 57 (SD ϭ 12.5) min (range: 40 to 110). No intraoperative transfusions were given, and one patient (3.3%) required postoperative transfusions. Only one patient sustained a postoperative complication (3.3%), postoperation fever that was managed medically. Five (16.7%) patients had residual stones that were not treated successfully with shock wave lithotripsy after operation and a required second operation. The overall stone-free rate was 83.3%. The need for analgesics was 4.4 (SD ϭ 1.6) mg of morphine (range: 3 to 10). The duration of hospitalization was 1.3 (SD ϭ 0.43) days (range: 1 to 2) .The time to return to normal activity was 10 (SD ϭ 3.2) days (range: 6 to 21). The type of renal anomalies is shown for both groups in Table 1 . The other characteristics of the two groups are shown in Table 2 . Table 3 shows outcomes of operation in the two groups.
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Among the patients in the two groups, patient age, stone size, location and laterality, type of renal anomalies, operation time, transfusion rates, complications, and outcome with the stone burden were not statistically different, whereas days of hospitalization, need for analgesics, and time to return to normal activity were significantly lower in the totally tubeless PCNL groups (P Ͻ 0.001).
Discussion
Calculi in kidneys with complex or anomalous anatomy are particularly challenging for the urologists. In many situations, the principles that guide treatment in normal renal anatomy also pertain to these abnormal kidneys. Because of aberrant anatomy, however, abnormal kidneys may not be amenable to the same approaches currently employed for stone disintegration or extraction in normal renal units. The advent of percutaneous renal surgery has given the surgeon a minimally invasive alternative to open surgical management of urologic diseases such as stone diseases in renal anomalies. Although percutaneous renal surgery offers a lower morbidity compared with that of open surgery, many features such as the presence of a postoperative percutaneous drainage tube still cause discomfort and prolonged hospitalization for patients. The morbidity of a percutaneous procedure has decreased in the past years because of the improvements and modification of techniques.
In 1997 and 2001, Bellman and colleagues 4,5 challenged the requirement for routine placement of a nephrostomy tube after percutaneous renal surgery. The tubeless procedure described involved the placement of an internal ureteral stent without any postoperative nephrostomy tubes. The hospitalization, analgesia requirements, and time to return to normal activities all decreased. These findings have been confirmed in other studies. [6] [7] [8] [9] Additional variations to the tubeless procedures have been described. In a study by Goh and Wolf, 10 10 renal units in eight patients underwent an "almost tubeless" PCNL. This procedure consisted of the 1-or 2-day placement of either an internal ureteral stent or an externalized ureteral stent. The investigators claimed that the use of an externalized ureteral catheter may be a better option than an internal ureteral stent because of the possible morbidity from stents found in some patients. Finally, a recent study 1 described totally tubeless PCNL; an internal ureteral double-J stent and external drainage tube are not used. The percutaneous approach to the horseshoe kidneys is predicated upon a thorough knowledge of the anatomy and vascular supply of these kidneys. Often the posterior calyces point directly posterior. The optimal calyx to access is generally the upper-pole posterior calyx because the posterior lower-pole calyx is very medial and anterior. 11, 12 A preoperative CT scan is advisable to optimize planning and minimize the chance of vascular or adjacent organ injury, although the risk of such injuries is low. 11, 12 In three cases of ectopic kidney in this study, under direct laparoscopic vision13 and using a transperitoneal approach, iatrogenic injuries to anomalous vasculature were avoided. A ureteral catheter was placed, and the calyces were imaged fluoroscopically using retrograde contrast injection. The kidneys were accessible via an anterior percutaneous approach under direct and fluoroscopic vision. Likewise, dilation was performed under vision with placement of a nephrostomy sheath, and the procedure was subsequently performed.
In our series of 30 patients, we describe the first series of patients with renal anomalies in which totally tubeless percutaneous renal surgery was performed. The stone size did not necessarily limit the use of a tubeless procedure. The mean stone burden in the study group was 2.54 cm (SD ϭ 0.96). The patients had shorter hospital stay (due to less need to the analgesia and ability of convert analgesics to oral form) and less morbidity (primarily as a result of minimal instrumentation of the ureter and no ancillary procedures such as nephrostogram or stent removal). The benefits gained in terms of cost savings are substantial, as the cost of a nephrostomy tube, nephrostogram, stent, and stent removal is completely negated.
Conclusion
Totally tubeless percutaneous renal surgery is a safe and effective procedure in renal anomalies, offers substantial advantages in morbidity and cost-effectiveness when compared with standard tubeless PCNL techniques, and can be performed in patients with even a moderate to large stone burden. 
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